TURNER ET AL' POLAll CAP ELECTRIC FIELD COUPLING [1981] measured the polar cap potential drop using data from 32 passes over the polar cap by high-inclination, low-altitude satellites (AE-C, AE-D, S3-3) and found it to be well-correlated with the IMF. They found that the potential drop was well predicted by traditional merging theory, with the exception of a background 35 kV potential drop which appeared to be independent of solar wind parameters. They suggested that this background drop was likely due to some sort of viscous interaction at the magnetopause. Wygant et al. [1983] also conducted a study correlating polar cap potential drops with the IMF using polar cap data from the S3-3 satellite. They found that polar cap potential values after several hours of northward IMF had declined from values which existed after only I hour of northward IMF. This observation led to the conclusion that the background potential drop (i.e., the portion not related to reconnection) could be limited to less than 20 kV. Further, they investigated correlations with solar wind dynamic pressure and concluded that the potential drop driven by dynamic pressure was limited to less than I kV. Additionally, S3-2 data were analyzed by Doyle In this study, instead of looking at polar cap ionospheric convection patterns or cross-polar cap potentials, we examine the polar cap electric field at altitudes of 5-9 Rz before and after sharp IEF changes to investigate the efficiency of information coupling from the solar wind onto polar cap field lines. In particular, we look at events during which the IMF Bz component changed from northward to southward (corresponding to IEF E¾ changing from negative to positive) after at least an hour of steady, northward IMF conditions. Whenever satellite positions permit, we examine both the IEF and local polar cap E¾. Additionally, we conduct a superposed epoch analysis of the electric field measured by Polar in the spacecraft spin plane for all polar cap events.
Instrumentation
Several spacecraft, both inside and outside the magnetosphere, were used in this study. Three spacecraft used were at times in the solar wind' Wind, IMP 8, and Geotail. Wind provided magnetic field and solar wind data which were used to identify events. Geotail was also often in the solar wind and was used to confirm the signatures seen at Wind and to better determine the expected time for the discontinuities to reach Earth. IMP 8 was also used for these purposes, though data were not available for all events. Inside the magnetosphere were GOES 9 and Polar. GOES 9 is in a geosynchronous orbit and was used for magnetic field measurements, both to identify substorm timings and to obtain information about the inner magnetosphere dynamics and response.
The Polar spacecraft is in a highly elliptical orbit which reaches apogee at around 9 Rz over the north pole and perigee at 1.8 Rr over the south pole. The 
June 17, 1996, Event
For the June 17, 1996, event, three of the spacecraft were upstream in the solar wind, thus enabling the cal- At 0725 UT, GOES 9, which was located near local midnight in geosynchronous orbit, observed Hp (Figure 3c) 
Cusp Events
Cases of the sort described above occurred when Polar was apparently rather far from the dayside magnetopause and cusp. Two events, however, were studied in detail in which Polar was nearing the cusp region.
May 21, 1996. On May 21, 1996, Wind
and Geotail data were available for solar wind measurements. Using these data, the arrival time of the solar wind southward turning at the magnetopause was estimated to be 1840 UT. Polar was on the dayside of the magnetosphere, moving toward apogee in the polar cap (see Figure 6 ). The apparently related changes in the E field and the spacecraft potential were seen at 1855 UT (see Figure 7) . This event produced a response in the electric field seen at Polar which was in some ways the converse of that in the June 17, 1996, event. In the May 21 case, the electric field at Polar was seen to change from a smoother, steadier field to a noisier, more widely varying field. As observed in the June 17, 1996, case, the disturbance in the electric field lasted about as long as the IMF Bz was southward (in this case, around 40 min). This is consistent with the idea that the mag- 
Superposed Epoch Analysis
Electric field traces, as shown in Figures 3, 5 , 7, and 9, are often noisy and have many abrupt changes which complicate the identification of significant features. In many cases it is difficult to determine which changes evident in the data are due to geophysical disturbances and which might be due to instrumental effects or noise. Therefore, a superposition was conducted of all events with the expectation that random changes would tend to average away, highlighting only consistent IMF-driven responses. Polar cap electric field data were aligned according to the solar wind arrival time at the magnetopause so that time zero coincided with the arrival of the solar wind change. Additionally, because only the change in the electric field was of interest, the signal mean before the arrival of the solar wind change was subtracted from each signal, so E field measurements had a zero mean before the solar wind change. Finally, because there is no directional information in the spin-plane components alone, changes in the mean of the electric field were defined as positive (e.g., if the measured spin plane electric field decreased after the solar wind change, the entire signal for that event was multiplied by -1). The two events interpreted as entries into the polar cusp (May 21 and June 29, 1996) and two additional events with large data gaps were removed, leaving 26 events in the superposed epoch study.
As shown in Figure 10 This seems to suggest that once the electric field is imposed via the cusp, it affects the polar ionosphere, and then the signal reaches the Polar spacecraft (at 5-9 via an Alfven wave from the ionosphere. This is consistent with the aforementioned ionospheric convection studies and would explain the lack of a substantial delay seen by Polar for signals in the nightside cap relative to signals in the dayside cap. Thus, the present work is generally quite supportive of the picture in which the interplanetary magnetic field interconnects with the geomagnetic field to drive subsequent magnetospheric dynamics [e.g., Baker et al., 1996, and references therein]. However, it would still be highly desirable to have more cases in which we can derive the absolute strength of the electric field that couples into the polar cap and tail lobes from the interplanetary medium. With such quantitative information, we would finally be able to address the longstanding question of the "efficiency" of electric field coupling between the solar wind and the magnetosphere. We are hopeful that continuing ISTP measurements will eventually provide a suitable database to extend the present study and address this key coupling question.
